Characterization of the heme binding properties of Staphylococcus aureus IsdA.
We report the first characterization of the physical and spectroscopic properties of the Staphylococcus aureus heme-binding protein IsdA. In this study, a combination of gel filtration chromatography and analytical centrifugation experiments demonstrate that IsdA, in solution, is a monomer and adopts an extended conformation that would suggest that it has the ability to protrude from the staphylococcal cell wall and interact with the extracellular environment. IsdA efficiently scavenged intracellular heme within Escherichia coli. Gel filtration chromatography and electrospray mass spectrometry together showed that rIsdA in solution is a monomer, and each monomer binds a single heme. Magnetic circular dichroism analyses demonstrate that the heme in rIsdA is a five-coordinate high-spin ferric heme molecule, proximally coordinated by a tyrosyl residue in a cavity that restricts access to small ligands. The heme binding is unlike that in a typical heme protein, for example, myoglobin, because we report that no additional axial ligation is possible in the high-spin ferric state of IsdA. However, reduction to ferrous heme is possible which then allows CO to axially ligate to the ferrous iron. Reoxidation forms the ferric heme, which is once again isolated from exogenous ligands. In summary, rIsdA binds a five-coordinate, high-spin ferric heme which is proximally coordinated by tyrosine. Reduction results in formation of five-coordinate, high-spin ferrous heme with a neutral axial ligand, most likely a histidine. Subsequent addition of CO results in a six-coordinate low-spin ferrous heme also with histidine likely bound proximally. Reoxidation returns the tyrosine as the proximal ligand.